T and SGB14 T , were recovered through a microbial diversity study of nitrogen fixing nodules from Pisum sativum plants collected in Salamanca (Spain). The taxonomic status of these isolates was determined using a polyphasic approach and both presented chemotaxonomic and morphological properties consistent with their classification in the genus Micromonospora. For strains SG15 T and SGB14
, the highest 16S rRNA gene sequence similarities were observed with Micromonospora coxensis JCM 13248 T The analysis of endophytic microbial diversity has increased exponentially in the last years, with the result of an important number of new actinobacteria species described from plant tissues [1, 2] . Among the isolated strains, the family Micromonosporaceae [3] appears well represented [4] [5] [6] [7] , including the genus Micromonospora, with strains isolated from nitrogen fixing nodules [8] [9] [10] [11] [12] [13] [14] , leaves [15, 16] and roots [17, 18] . This genus was first described by Ørskov in 1923 [19] and consists, according to the LPSN [20] , of more than 70 species with validly published names at the time of writing. Micromonospora strains isolated from pea plant (Pisum sativum) nodules and rhizosphere were previously analysed to determine the species distribution of the genus in both ecosystems [21] . As indicated by the multilocus sequence analysis (MLSA) results, several strains were likely to represent new species. In the present study, two of these strains, SG15 T and SGB14 T , were selected for further analyses; their phenotypic and genomic properties were determined to establish their taxonomic position within the genus Micromonospora.
The strains were isolated according to the protocol described by Vincent [22] with small modifications [12] . Strains were purified and maintained on International Streptomyces Project 2 (ISP 2) agar [23] and preserved in glycerol (20 %, v/v) at À80 C for long-term preservation, as well as the type strains used for comparison in this study.
Genomic DNA extraction, PCR amplification of the 16S rRNA, atpD, gyrB, recA and rpoB genes were obtained previously [21] , and the 16S rRNA gene sequences were used for comparison with validly published species using the Ez-Taxon server [24] . Strains SG15 T and SGB14 T were closely related to Micromonospora coxensis JCM 13248 T and Micromonospora purpureochromogenes DSM 43821 T showing 99.2 and 99.4 % sequence similarity, respectively. The 16S rRNA, gyrB and multilocus gene sequences of the strains were manually aligned with multiple sequences of available Micromonospora type strains recovered from Genbank/EMBL/DDBJ databases using CLUSTAL_X software [25] and the MEGA 6 program [26] and used for phylogenetic analyses. Kimura's two-parameter model to calculate evolutionary distances was applied and to infer the tree topologies, neighbour joining [27] and maximum likelihood [28] methods were used (Figs 1, S1, S2 and S3, available in the online version of this article). Bootstrap analysis based on 1000 replicates was performed to assess the robustness of the tree topologies. It is apparent from all the trees generated that the strain SG15
T form a distinct phyletic line in an independent branch clearly separated from their respective phylogenetic neighbours and from the rest of Micromonospora type strains while strain SGB14
T appeared more closely related to the type strain of M. purpureochromogenes (Figs 1, S1, S2 and S3).
DNA-DNA hybridization (DDH) analyses were carried out as detailed in the previous study [21] (Table S1 ). In addition, all the isolates presented values under 98.5 % in the MLSA analysis with respect to their phylogenetic neighbours, which is the threshold value proposed by Carro et al. [21] for assigning strains to the same species (Tables S1 and S2 ). Values <98.5 % were also found among the two isolates (Table S1 ).
The morphological properties of the studied strains were examined by eye and light microscopy (Leica; CTR MIC) on 7-day-old cultures grown on ISP 3 [23] , SA1 [29] , Bennett [30] and yeast-mannitol agar (YMA) media [22] . Both strains are aerobic, non-motile, Gram-stain positive and form extensively branching non-fragmented hyphae with single non-motile spores. All strains were able to grow on all media tested with substrate mycelium colour varying from light orange to brown, none produced aerial mycelium and only strain SGB14
T produced a diffusible green pigment on ISP3 agar (Table S3 ).
The commercial kit API ZYM (BioM erieux) was used to determine enzymatic features of the strains following the manufacturer's instructions. The capacity to use several substrates as carbon sources was determined according to Williams et al. [31] . Tests were also carried out to determine the ability of the strains to hydrolyse arbutin, aesculin, casein, gelatin, starch, Tween 20, Tween 80, L-tyrosine, urea and xylan. Oxidase and catalase activities were also evaluated. The capacity of growth at several temperatures (4, 12, 20, 28, 37 and 45 C), NaCl concentrations (1, 3, 5, 7 and 9 % w/v) and pH values (4.5, 5.5, 6.5, 7, 7.5, 8 and 9) was also determined following the protocol previously described [32] . Strains SG15
T and SGB14 T showed differential characteristics between them and with closest phylogenetic neighbours that are summarized in Table 1 
C. Cells were washed twice in sodium chloride solution (0.9 %, w/v) and freeze-dried. Standard thin-layer chromatographic procedures were used to determine the isomers of diaminopimelic acid in whole-cell hydrolysates [33, 34] , predominant isoprenologues [35] [36] [37] , diagnostic whole-cell sugar composition [38] , and polar lipids [35] . For fatty acids analyses, cells were grown for 5 days in trypticase soy broth (TSB), extracted following Sasser's protocol [39] and identified through gas-liquid chromatography using the standard MIDI system (Sherlock version 4.5) and ACTINO database.
The chemotaxonomic markers confirmed that both strains analysed belong to the genus Micromonospora. Main fatty acids detected were iso-C 16 : 0 , iso-C 15:0, iso-C 17 : 1 !9c and C 17 : 1 !8c for SG15 T , and iso-C 17 : 1 !9c, iso-C 15 : 0 , iso-C 16 : 0 and C 17 : 1 !8c for SGB14 T (Table S4) . Diphosphatidylglycerol, phosphatidylethanolamine and phosphatidylinositol were detected in all the strains, as well as an unidentified glycolipid; strain SG15
T also contained an unidentified aminolipid (Fig. S4) . The main menaquinones (>10 %) found in both strains were MK-10 (H 4 ) with percentages of 65.0 and 51.7 %, MK-9 (H 4 ) with percentages of 11.3 and 22.9 % and MK-10 (H 6 ) with percentages of 10.9 and 10.4 %, respectively for SG15
T and SGB14 T . Both isolates were found to contain meso-diaminopimelic acid. Glucose, mannose, ribose and xylose were detected as main sugars in both strains, while arabinose was found only in SG15
T .
The DNA G+C content of the study strains was determined using the thermal melting method [40] and the values obtained were 72.4 and 71.3 mol% for SG15 T and SGB14 T , respectively.
Strain SG15
T is well-delineated in all the phylogenetic analyses as an independent taxon within the genus Micromonospora, differs from the type strain of its closest species because it is oxidase-negative, in its inability to grow at 3 % NaCl (w/v) or degrade urea, as well as in the utilization of several compounds as carbon sources and by the low DDH value. The strain SGB14
T is systematically found to be closely related to M. purpureochromogenes type strain in all the phylogenetic analyses carried out in this study; however, it can be differentiated because is oxidase-negative, in its ability to grow at 3 % NaCl (w/v), at pH 5.5 and low temperatures, in the capacity of casein and xylan degradation, in the use of several compounds as carbon sources and by the DDH value. The integration of the results from phenotypic, chemotaxonomic and genotypic analyses clearly shows that the strains SG15
T and SGB14 T merit species status within the genus Micromonospora. It is proposed that the strains be classified in the genus Micromonospora as Micromonospora phytophila sp. nov. and Micromonospora luteiviridis sp. nov., respectively.
DESCRIPTION MICROMONOSPORA PHYTOPHILA SP. NOV.
Micromonospora phytophila (phy.to¢phi.la. Gr. n. phyton plant, Gr. fem. adj. phile loving; N.L. gen. fem. adj. phytophila plant-loving).
Gram-stain positive actinobacterium with extensively branched and non-fragmented hyphae. Single, non-motile and smooth surfaced spores are produced at the end of the hyphal tips. Substrate mycelium colour is light orange; colonies are folded and raised and lack aerial mycelium with no diffusible pigments. Chemoorganotroph and aerobic. Grows at a pH 7 to 9. The growth temperature range is 12-45 C, with an optimum at 28 C. Growth in the presence of 1 % NaCl is observed. Oxidase negative and catalase positive. Gram-stain positive actinobacterium with extensively branched and non-fragmented hyphae. Single, non-motile and smooth surfaced spores are produced at the end of the hyphal tips. The colonies vary from light yellow-orange to greenish-brown; colonies are folded and raised and aerial mycelium is absent. On ISP 3 agar, a green diffusible pigment is produced. Chemoorganotroph and aerobic. Grows at pH 5.5 to 9. The growth temperature range is 4-45 C, with an optimum at 28 C. Grows in the presence of 3 % NaCl. Oxidase negative and catalase positive. Degrades The type strain SGB14 T (=CECT 9370 T ; DSM 105362 T ) was isolated from a root nodule of Pisum sativum in Salamanca (Spain). The G+C content of the DNA is 71.3 mol%.
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